Type 2 diabetes mellitus (DM2) is the most common chronic metabolic disease, affecting approximately 6% of the adult population in the Western world. This condition is a major cause of cardiovascular disease, blindness, renal failure, and amputations, with increasing prevalence worldwide. The influence of obesity on type 2 diabetes risk is determined by the degree of obesity and by body fat localization, with insulin resistance (IR) being the main link between these metabolic diseases. Experimental studies have shown that dietary factors, and particularly lipids, are strongly positively associated with body mass (BM) gain; IR; and, consequently, type 2 diabetes. Similarly, excessive consumption of energy-dense carbohydrate-rich foods can trigger the onset of type 2 diabetes. Additionally, maternal dietary inadequacies at conception and/or during the gestational period have been proposed to lead to developmental programming of excessive BM gain and metabolic disturbances in offspring, such as abnormal glucose homeostasis, reduced wholebody insulin sensitivity, impaired beta-cell insulin secretion and changes in the structure of the pancreas. Metabolic disruption is strongly associated with deleterious effects on beta-cell development and function. However, alterations in the amount and quality of dietary fat can modify glucose metabolism and insulin sensitivity. In this way, certain oils have gained attention in experimental research for their beneficial effects. Olive oil, a source of monounsaturated fatty acids (MUFAs), got attention in the past for its capacity to prevent cardiovascular diseases. Nevertheless, it is currently known that this oil also improves insulin sensitivity and glycemic control. Canola oil, flaxseed oil and especially fish oil (rich in n-3 polyunsaturated fatty acids) were first described as effective dietary nutrients against hypertriglyceridemia but now are known to have positive effects on glucose metabolism as well.
INTRODUCTION
Animal experimentation has a long history of contributions to the fields of diabetes and metabolic disease research. Currently, most experiments are performed in rodents. Several toxins, including streptozotocin and alloxan, induce type 1 diabetes mellitus (DM1). Selective inbreeding has produced strains of animals that are considered to be reasonable models of both DM1 and type 2 diabetes mellitus (DM2) and of related phenotypes, such as obesity and insulin resistance (IR). In recent years, new animal models for the study of diabetes, including knocking, generalized knockout and tissue-specific knockout mice and diet models, have been used to induce DM2 (Rees & Alcolado, 2005) .
The intake of a high fat (HF) diet is an independent risk factor for becoming overweight in mice. Therefore, an HF diet is a suitable model for studying DM2, mimicking the current epidemic of diet-induced obesity in humans.
Retrospective epidemiological studies first detected associations between the prenatal and perinatal environments and the development of metabolic syndrome in adulthood (Junien & Nathanielsz, 2007) . Insufficient (protein restriction or global energy restriction) and excessive (HF diet) maternal food supplies impair different pathways but have the same endpoint, leading to IR and DM2 in offspring in adult life (Barker, 2006) . Different types of fat in the diet can drive different responses in glucose homeostasis and insulin sensitivity (Tierney & Roche, 2007) . In this way, edible oils have emerged as possible improvers of glucose and insulin metabolism (Moon et al., 2010) .
This review aimed to describe the animal models commonly used to study DM2, focusing on dietary models (especially diets rich in lipids, sucrose and fructose), maternal-fetal programming of pancreatic function and the action of edible oils in DM2.
A. Mouse models.
C57BL/6 mice are genetically susceptible to obesity (central adiposity accompanied by metabolic abnormalities), impaired glucose tolerance, and DM2 when fed an HF diet. Moreover, C57BL/6 mice are susceptible to the fatty acid (FA) composition of HF diets, resulting in the manifestation of altered disease phenotypes (Lin et al., 2000) . The diabetes/obesity syndrome worsens with time and with increasing obesity. At 16 weeks, C57BL/6 mice fed an HF diet develop adipocyte hyperplasia and hypertrophy (Black et al., 1998) .
In addition, another inbred mouse model, the NagoyaShibata-Yasuda (NSY) mouse, is suitable for the study of DM2 (Shibata & Yasuda, 1980) . The NSY mouse's diabetes closely mimics human DM2, i.e. is age dependent and characterized by impaired insulin secretion and action, mild obesity with visceral fat accumulation and polygenic inheritance. Moreover, environmental factors such as an HF diet and sucrose administration accelerate the development of the disease, indicating that the animal model is a model for human DM2 (Ikegami et al., 2004) . have a phenotype of spontaneous DM2 development, with hyperphagia, obesity after four weeks of age and glucose intolerance with transient hyperglycemia, followed by hyperinsulinemia (Dubuc, 1976) and pancreatic islet betacell hypertrophy without atrophy (Dong et al., 2006) . NONcNZO10/LtJ mice develop DM2 by dietary induction, with moderate obesity and without hyperphagia, when fed a 27 kcal % fat diet. Males change from impaired glucose tolerance to stable non-fasting hyperglycemia by 10 weeks of age. Moderately elevated plasma insulin is observed, and islets transition from hypertrophy and hyperplasia to atrophy by 24 weeks (Leiter & Reifsnyder, 2004) . Table I summarizes animal models with spontaneous or diet-induced DM2.
B. Dietary models HF diets. Regarding the multifaceted etiology of obesity, diet remains a key factor in inducing obesity. Obesogenic diets are high in energy content, often consisting of palatable foods that lead to obesity after extended exposure (Archer & Mercer, 2007) .
The deleterious effects of diets with saturated fat overload are well described in the literature. Studies have shown that the long-term administration of diets containing 40% to 60% of lipids promotes metabolic disorders; increases the production of inflammatory cytokines; induces IR, arterial hypertension and obesity in animal models and humans (Flanagan et al., 2008) ; and induces adipocyte hypertrophy (Barbosa-da-Silva et al., 2012) , DM2, hypertriglyceridemia (Fraulob et al., 2010) and liver steatosis in mice (Aguila et al., 2003; Barbosa-da-Silva et al., 2013) . The source of lipid in the diet is an important feature for the induction of obesity and diabetes (commonly saturated fat, or lard, is used). Table II summarizes certain diet compositions used in the literature.
Diet combinations vary in the literature, such as HF, high-sucrose; HF, low-sucrose; low fat, high-sucrose; and low fat, low-sucrose. Both the C57BL/6 and the A/J strains respond to diet with an increase in their body mass (BM), but their BM tends to be smaller with excess sucrose consumption compared with an HF diet (Black et al.) . Wistar rats are more responsive to a sucrose increase, whereas C57BL/6 mice are more responsive to an HF diet (Chen et al., 2011) .
Sucrose diet.
A high-sucrose diet is a common food diet in developed countries and is considered as an environmental factor that leads to the development of obesity and DM2 (Walker et al., 2007) , causing impaired insulin action through sucrose's effects on the liver (Storlien et al., 1988) .
The ability of high sucrose intake to induce obesity and IR in rodents has yielded conflicting results (Santure et al., 2002) because its effects depend not only on the species or animal strain but also on the way that the sucrose is provided. In Wistar rats fed a normal-fat chow diet, the addition of sucrose to the drinking water (30%) as an extra caloric source has been shown to be a successful way of inducing abdominal obesity, hypertension, hyperlipidemia and hyperinsulinemia (Oliart Ros et al., 2001) . However, whether sucrose-containing drinking water induces symptoms in other species is unclear. C57BL/6 mice are resistant to sucrose treatment; replacing starch with an equal amount of sucrose in fatty acids (MUFAs), attracted attention in the past for its capacity to prevent cardiovascular diseases.
Solid food with a normal fat content failed to induce obesity and hyperinsulinemia in C57BL/6J mice (Sumiyoshi et al., 2006) . However, a recent study demonstrated that although a sucrose-rich diet (32%) does not lead to obesity in C57BL/6 mice, the diet has the potential to cause changes in adipocytes (hypertrophy), as well as glucose intolerance, hyperinsulinemia, hyperlipidemia, hepatic steatosis and increased levels of inflammatory cytokines (Oliveira et al., 2014) . In rodents, a high-sucrose diet induces IR independently of changes in body composition. The mechanism in rodents may involve alteration of post-receptor insulin signaling. Indeed, sucrose does not alter the amount of insulin receptors, insulin receptor substrate (IRS)-1, IRS-2, or phosphatidylinositol 3-kinase (PI3K) in hepatocytes, and the phosphorylation of insulin receptors upon exposure to insulin is not altered. However, the phosphorylation of IRS-1 and IRS-2 is reduced, indicating that sucrose impairs post-receptor insulin signaling (Pagliassotti & Prach, 1995) . Unexpectedly, PI3K activity increases, suggesting a possible compensatory mechanism (Pagliassotti et al., 2002) . In the skeletal muscle of rats, a high-sucrose diet (Eiffert et al., 1991) decreases insulininduced insulin receptor and IRS-1 phosphorylation.
Fructose diet. The introduction of high-fructose corn syrup led to a 30% increase in fructose consumption and a 100% increase in the consumption of free fructose (Bray et al., 2004) , paralleling the rise in obesity from 13% to 34% since 1960 (Ford et al., 2011) and the subsequent rise in diagnosed DM2 from 5% to 8% since 1988 (Cowie et al., 2009) . Fructose decreases insulin sensitivity in short-term clinical trials (Malik & Hu, 2012) and is commonly used to induce IR in animal models (Ackerman et al., 2005) . In animals, a high-fructose diet causes multiple symptoms of metabolic syndrome, such as IR, impaired glucose tolerance, hyperinsulinemia, hypertension and hypertriglyceridemia (Schultz et al., 2013) .
Several mechanisms have been proposed to explain the increased BM gain associated with fructose intake. Fructose has been suggested to increase the palatability of food, with consequent overeating (Bray et al.) . Acute fructose ingestion fails to stimulate both insulin and leptin secretion and attenuates postprandial ghrelin suppression (Teff et al., 2004) ; thus, prolonged consumption of high-fructose diets could lead to increased caloric intake and contribute to BM gain and obesity. Chronic fructose ingestion is associated with hyperleptinemia, which usually precedes obesity through leptin resistance, in rodents (Roglans et al., 2007) and humans (Le et al., 2006) . However, BM seems not to be affected by high-fructose diet consumption (Schultz et al.) .
C. Maternal-fetal programming
The term "fetal programming" or "imprinting" is used to describe a permanent phenomenon triggered by a body's response to injury or stimulation during a critical period of development (Lucas, 1991) . This definition suggests that the fetus or neonate, when exposed to an atypical environment during a rapid growth phase, presents adaptive responses that may become permanent. The long-term effects are irreparable and irreversible, being observed in adult life even in the absence of the stimulus that triggered the adaptive mechanism (Barker & Clark, 1997) .
Epidemiological studies have assessed the impact of malnutrition during pregnancy on the development of chronic disease in adulthood. Adults who were exposed to maternal malnutrition during pregnancy or after birth in Leningrad during World War II presented increased blood pressure, endothelial dysfunction and obesity and had a higher prevalence of cardiovascular diseases (Stanner et al., 1997) compared with control subjects born at the same time and not exposed to hunger. Similarly, evidence focusing on the "Dutch famine", which happened in the winter of 1944-45 after a food embargo imposed by Germany, has shown a higher incidence of obesity among adults who suffered from malnutrition in early intrauterine life (Roseboom et al., 2001) .
Malnutrition induced by either protein restriction or caloric restriction during gestation and lactation in female rats resulted in the metabolic programming of several target organs in their offspring and was accompanied by adultonset diseases in those offspring (Almeida & Mandarimde-Lacerda, 2005b , 2005a Villar-Martini et al., 2009) .
Maternal protein restriction and pancreatic function.
Given the importance of amino acids, damage caused by protein deficiency encompasses changes in hormones and growth factors such as insulin and IGFs (a family of growth factors including insulin) that are required for normal fetal development and maturation, resulting in intrauterine growth retardation and neonatal microsomia (Barker) . Indeed, published data have shown that protein deficiency during gestation yields increased blood pressure (Langley & Jackson, 1994) , glucose intolerance and IR (Ozanne & Hales, 2002) , with changes in the pancreatic architecture (Dahri et al., 1991) .
Regarding pancreatic functional development, maternal protein restriction (diet with 8% protein) produces offspring with smaller islets, reduced vascularization and insulin content (Snoeck et al., 1990) and an increased apoptosis rate (Scaglia et al., 1997) . Indeed, the endoplasmic reticulum (ER) stress-mediated apoptosis of beta cells and increased inflammatory mediator levels may contribute to and/or occur as a consequence of beta-cell dysfunction (Fonseca et al., 2011) . The disruption of islet architecture is accompanied by an impaired secretory response to both glucose and amino acids, which is also observed in adulthood (Merezak et al., 2004) . This metabolic alteration is associated with changes in the expression of key insulin signaling molecules, such as the p110beta subunit of PI3K, in adipose tissue (Ozanne et al., 2001) .
Another type of damage caused by protein restriction is mitochondrial dysfunction. Beta cells require a large input of energy (ATP) for normal performance, but their antioxidant defenses are deficient, causing higher production of reactive oxygen species (ROS) (Rashidi et al., 2009) . The resulting oxidative stress leads to numerous defects in beta cells, such as reduced levels of insulin and a glucosemediated decrease in the proliferation and mass of beta cells, which are more prominent in males than in females (Theys et al., 2009) .
Maternal caloric restriction and pancreatic function.
Dams submitted to caloric restriction (to 40% to 50% of normal intake), especially in the last week of gestation, produce low-BM offspring. This alteration is followed by a reduction in the beta-cell mass and IR in adulthood (Bertin et al., 2002) . Protein restriction provokes low proliferation of beta cells or an increased apoptosis rate, whereas caloric restriction affects islet neogenesis through a reduction in the embryonic beta-cell progenitor pool, leading to inappropriate postnatal beta-cell formation. Beta-cell development and maintenance are dependent on expression of the transcription factor PDX-1. An alteration in the expression of this transcription factor, including diminished expression, is a determinant of the emergence of IR because of the resulting structural changes in beta cells (Garofano et al., 1997) .
Beta-cell formation is also affected by prenatal glucocorticoid exposure. Studies have shown that maternal caloric restriction increased both fetal and maternal corticosterone levels in rats (Blondeau et al., 2001) . Fetal corticosterone concentrations are inversely correlated with fetal insulin secretion and postnatal beta-cell formation (Seckl, 2004) . Glucocorticoid receptors are found in the pancreas during the embryonic development of rodents and humans, and glucocorticoids can bind to the Pdx1 promoter and thus suppress fetal endocrine cell differentiation (Bréant et al., 2006) .
Maternal HF diet and pancreatic function. Given the increasing prevalence of obesity in pregnancy and its association with gestational diabetes, there is growing interest in evaluating the influence of maternal obesity on the development of chronic diseases in children (Oken et al., 2007) . Inappropriate BM gain during pregnancy and maternal obesity affect offspring in the long term, such as by triggering precocious puberty and the development of an increased risk of obesity (Taylor & Poston, 2007) .
The emergence of maternal obesity during critical periods of development, involving both gestation (fetal environment) and lactation (postnatal environment), results inirreversible metabolic changes in adulthood for offspring, culminating in the development of obesity and glucose intolerance (Gregorio et al., 2013) . In addition, experimental evidence demonstrates sexual dimorphism in mice due to maternal obesity (Ornellas et al., 2013) .
HF diet administration to dams during critical periods of development exerts a direct effect on pancreatic beta-cell failure, resulting in the onset of IR and DM2 (Cerf et al., 2007) . This issue is extremely relevant because data from the World Health Organization (WHO) estimate that in 2030, approximately 366 million people will have DM2 (Wild et al., 2004) .
Chronic consumption of an HF diet during pregnancy and/or lactation can induce a process known as glucolipotoxicity. This process suggests that the simultaneous increase in glucose and blood lipids during pregnancy results in the intracellular accumulation of lipids that ultimately hurt the function and survival of fetal beta cells (Gniuli et al., 2008) . When the environment is rich in lipids, the pancreatic beta cells become sensitive to these lipids and use them as fuel for energy, rather than glucose. Thus, the insulin release stimulated by glucose is impaired, and hyperglycemia results (Poitout & Robertson, 2008) .
Of note, isolated glucotoxicity induces permanent hyperglycemia in offspring, which contributes substantially to a reduction in the number of beta cells through apoptotic mechanisms (Donath et al., 1999) . In contrast, lipotoxicity, characterized by chronic exposure to high blood lipid concentrations, impairs insulin secretion in the fetus and causes an increase in serum concentrations of glucose, with consequent of beta-cell loss and glucose homeostasis disruption (Skelly et al., 1998) .
The severity of beta-cell failure relies on the progenitor´s metabolic state during HF diet administration and on the duration of injury. The beta-cell mass is increased by beta-cell neogenesis (precursor cell differentiation) by proliferation or replication (from preexisting beta cells) and hypertrophy (increase in beta-cell size). In contrast, a reduction in the mass of beta cells is mainly associated with hypotrophy (reduced beta-cell size) and apoptosis (Ackermann & Gannon, 2007 ). An imbalance in one of these beta-cell formation mechanisms or increased rates of apoptosis may result in a decrease in the beta-cell mass, leading to a decrease in the ability to secrete insulin (Leonardi et al., 2003) . The literature indicates impairment of betacell development in newborns from mothers who received an HF diet during pregnancy (Cerf et al., 2005) . These findings may be caused by beta-cell replication inhibition or increased apoptotic mechanisms (Cerf, 2010) .
D. Insulin Resistance in Target Tissues.
Insulin is an anabolic hormone released from beta cells after meals rich in carbohydrates and proteins. The two major roles of insulin in the body are (1) to promote glucose uptake in insulin-sensitive tissues (e.g., skeletal muscle and adipose tissue) and (2) to inhibit glucose production (i.e., glycogenolysis and gluconeogenesis) in organs such as the liver. These two mechanisms lead to glucose homeostasis, which also relies on insulin secretion by pancreatic beta cells (Ye, 2013) .
The insulin response starts when insulin binds to its receptor, namely the insulin receptor, in cell membranes, which leads to receptor autophosphorylation. Consequently, IRS-1/2, which is a post-signaling intracellular protein, is phosphorylated at a tyrosine residue. These IRSs function as a docking site for the recruitment and activation of PI3K, which initiates a cascade of cellular responses that includes phosphorylation (activation) of protein kinase B (PKB), also known as Akt. When activated, Akt initiates several downstream pathways that regulate metabolism (Copps & White, 2012) . A summary of insulin signaling can be observed in Figure 2 .
In skeletal muscle and adipose tissue, Akt activation results in glucose transporter type 4 (GLUT-4) translocation to the cell membrane. Lastly, GLUT-4 promotes the transport of glucose into the cytoplasm. These tissues are responsible for nearly all insulin-stimulated glucose uptake, with skeletal muscle responsible for approximately 90% of this activity. In the liver, instead of GLUT-4 translocation and glucose uptake, the activation of Akt leads to the formation of glycogen through the inactivation of glycogen synthase kinase 3 (Gsk3α, Gsk3β). This event results in glycogen synthase activation and glycogen accumulation and Fig. 2 . Insulin signaling pathway. Insulin signaling starts when insulin binds to its receptor (insulin receptor). Consequently, IRS 1/2 is phosphorylated in tyrosine, what leads to the downstream activation of PI3K and Akt. In white adipose tissue and skeletal muscle, Akt stimulates GLUT4 translocation to cell membranes thus allowing glucose to enter the cell. In liver, insulin stimulates glycogen production through phosphorylation of GSK-3 and consequently dephosphorylation of glycogen synthetase. Moreover, insulin inhibits gluconeogenesis by reducing enzymes of gluconeogenesis.
Full arrows represent stimulation, dotted arrows represent transport and interrupted lines represent inhibition. G6P= glucose-6-phosphato; G6Pase= glucose-6-phosphatase; GLUT4= glucose transporter type 4; GSK-3= glycogen synthase kinase 3; IRS= insulin receptor substrate. inhibition of gluconeogenesis due to a decrease in the transcription of genes encoding gluconeogenic enzymes (Copps & White; Lu et al., 2012) .
Inflammation.
Obesity is a state of low-grade inflammation, with elevated plasma concentration of cytokines and adipokines, such as tumor necrosis factor (TNF)α, interleukin (IL)-6, plasminogen activator inhibitor (PAI)-1 and monocyte chemoattractant protein (MCP)-1 and a reduced plasma concentration of adiponectin (an antiinflammatory adipokine) (Catta-Preta et al., 2012; Ye).
One of the major pathways that are involved in inflammation and IR is IkB kinase-β (IKKβ)/nuclear factor κB (NFκb). Cytokines activate IKKβ, which in turn leads to phosphorylation of IκBα. IκBα phosphorylation leads to protein ubiquitination and degradation, which releases NFκb to translocate into the nucleus and induce the gene expression of inflammatory mediators. IKKβ promotes serine phosphorylation of IRS-1, inhibiting insulin signaling, which causes IR. Moreover, cytokines activate the c-JUN N-terminal kinase (JNK)/AP-1 pathway. JNK, similar to IKKβ, phosphorylates IRS-1 at a serine residue, impairing insulin signaling. JNK also activates AP-1, a transcription factor related to the production of inflammatory mediators (Ye) .
In the liver, inflammation begins due to chronic stimulation of lipid accumulation within hepatocytes (called steatosis). This event leads to the presence of inflammatory cytokines, together with macrophages (Kupffer cells). Although the mechanism has not been completely elucidated thus far, inflammation seems to induce gluconeogenesis as an attempt to protect the liver from steatosis by stimulating the conversion of FAs into glucose. Hepatic inflammation and related IR are linked to overexpression of IKKβ (Hijona et al., 2010) .
Ectopic lipid accumulation (lipotoxicity).
Fat and IR are associated, as FAs inhibit insulin-stimulated glucose uptake. Upon FA entrance into cells, the FAs are esterified by coenzyme A into acyl-CoAs, which are transferred to a glycerol backbone, forming monoacylglycerol (MAG), diacylglycerol (DAG) and triacylglycerol (TAG). The FAs can also esterify with sphingosine to form ceramides (Samuel & Shulman, 2012) . Skeletal muscle cells are protected from the deleterious effect of lipids by storing them as TAG, a mechanism that is very limited. Therefore, a great influx of lipids (as observed in obesity) promotes the formation of other molecules that function as intracellular signaling molecules, interfering with insulin signaling (e.g., DAG and ceramides). Lipotoxicity is the main cause of IR in skeletal muscle (Borén et al., 2013) . DAG results in the activation of members of the protein kinase C (PKC) family, namely, PKCθ, which phosphorylates IRS-1/2 in serine residues, preventing the interaction between IRS-1/2 and the insulin receptor. Additionally, PKCθ is involved in the NFκB pathway, stimulating inflammation. Moreover, ceramide accumulation impairs the activation of Akt in a mechanism dependent on PKCθ (Amati, 2012) .
Ectopic fat accumulation in the liver is called hepatic steatosis or non-alcoholic fatty liver disease (NAFLD), which is the most common chronic liver disease in the USA. This disease is the main cause of hepatic IR, and is generated by increased TAG input and reduced lipid output. Hepatic IR is related to DAG accumulation in hepatocytes, which leads to the activation of PKCε. This protein acts similarly to PKCθ, phosphorylating IRS-1/2 at serine residues and also impairing insulin receptor activity (Samuel & Shulman) . ER stress. ER stress refers to a condition in which there is dysfunction in the ER due to excessive protein synthesis or the accumulation of unfolded or misfolded proteins in the ER lumen. ER stress lead to a cellular response called the unfolded protein response (UPR), which yields an increased protein folding capacity and a decreased unfolded protein load, thus restoring homeostasis. If this mechanism fails in its task, cells undergo apoptosis (Ozcan et al., 2004) .
The UPR is closely related to inflammation and IR. Several proteins that are involved in UPR development also activate NFκB and JNK, leading to inflammation and impaired insulin signaling. Of note, inflammatory cytokines also exacerbate ER stress. In adipose tissue, ER stress participates in the dysregulation of adipokine secretion, with reduced secretion of adiponectin and elevated secretion of IL-6. Additionally, as mentioned before, ER stress induces inflammation through IKK activation (Flamment et al., 2012) .
In the liver, ER stress leads to IR by different mechanisms. First, the UPR stimulates transcription factors that directly modify enzymes involved in gluconeogenesis and lipogenesis. Second, stress kinases involved in the UPR can directly interfere with insulin signaling through the activation of JNK and IKK (already discussed as inducers of IR). Lastly, the UPR induces hepatic fat accumulation (steatosis) due to the activation of sterol regulatory elementbinding protein (SREBP)-1c (a lipogenic transcription factor) in parallel with impaired very-low-density lipoprotein (VLDL) production, leading to IR, which also induces ER stress (Cnop et al., 2012) .
E. Insulin resistance and edible oils.
The amount and quality of dietary fat affect glucose homeostasis and insulin sensitivity because an excess of dietary saturated FAs (SFAs) is closely related to IR and DM2. Nevertheless, countless studies addressing the roles of other types of FAs, and especially unsaturated FAs, in IR and DM2 have been performed. In this section, we will discuss the effects of several edible oils, which were grouped according to their classifications, pertaining to the target tissues of IR (i.e., skeletal muscle, adipose tissue and liver) in experimental models.
Monounsaturated FAs (MUFAs).
The main MUFA is oleic acid, which represents more than 90% of the MUFAs present in food and is mainly found in olive oil (Tierney & Roche; BullÓ et al., 2011) . Olive oil gained prominence with the association of the "Mediterranean diet" with health benefits, including amelioration of IR and DM2 (Aguila & Mandarimde-Lacerda, 2010) .
It is well established that MUFAs normalize the FA composition of cell membranes, resulting in more fluidity, which is compromised in IR and DM2. SFAs are able to alter membranes' lipid structure and the binding of G proteins and PKC to cellular membranes, thus interfering with cell signaling. MUFAs appear to normalize this condition, restoring regular cellular signaling (Perona et al., 2007) .
Skeletal muscle also benefits from MUFA administration. Mice fed a high-olive-oil diet showed amelioration of glucose metabolism and insulin signaling (Rocca et al., 2001) . In contrast to SFAs, MUFAs do not induce or protect against the intracellular accumulation of DAG, which is known to activate PKCθ (Obanda & Cefalu, 2013) . Due to diminished accumulation of DAG and therefore reduced stimulation of PKCθ, olive oil is able to preserve insulin signaling via maintenance of the IRS-1/PI3K pathway and GLUT-4 translocation (Moon et al.) . Moreover, as MUFAs encourage normal levels of both DAG and PKCθ, the inflammatory processes associated with NFκB remain unchanged and therefore do not interfere with IR (Coll et al., 2008) . Olive oil downregulates IL-6 release, which is considered pro-inflammatory (Garcia-Escobar et al., 2010) , suggesting that MUFAs interfere with the inflammatory process associated with IR. Nevertheless, the relationship between these effects and the DAG-PKCθ-NFκB pathway remain to be clarified. Additionally, olive oil was shown to be a potent stimulator of postprandial glucagon-like peptide (GLP)-1 secretion, which induces insulin secretion and inhibits glucagon release. Olive oil is able to stimulate the activation of PKCζ, which is recognized as a mediator of GLP-1 secretion and which may be the link between olive oil and GLP-1 (Rocca et al.) .
Polyunsaturated FAs (PUFAs).
The two most consumed PUFAs in the diet are linoleic acid (an n-6 PUFA) and alphalinolenic acid (ALA; an n-3 PUFA), which account for more than 95% of the PUFAs consumed by the North American population. In the liver, these FAs are converted into longchain PUFAs (LC-PUFAs), which have higher numbers of carbon atoms and double bounds (Calder, 2011) . As n-6 and n-3 PUFAs have distinct effects on IR, they will be discussed in separate sections.
n-6 PUFAs. Linoleic acid is present in many edible oils, and especially, soy, corn, sunflower and safflower oils (Calder) . The effects of these n-6 PUFAs on IR and DM2 are still controversial.
Several studies have demonstrated beneficial or at least neutral effects of n-6 PUFAs. Rats fed an HF diet rich in safflower oil do not develop IR in their skeletal muscle due to augmentation of TAG levels and reduction of DAG levels (Lee et al., 2006) . In contrast, rats injected with soybean oil or sunflower oil show IR associated with diminished GLUT-4 expression and translocation to the cell membrane of white adipose tissue (Poletto et al., 2010) . A diet rich in safflower oil alters phosphorylation of the insulin receptor and IRS-1, diminishes the activity of PI3K and reduces protein expression of GLUT-4 in the skeletal muscle of mice (Taouis et al., 2002 ).
The most well described deleterious action of n-6 PUFAs is their pro-inflammatory activity. The arachidonic acid is incorporated into cell membranes generating inflammatory mediators called eicosanoids, which have high pro-inflammatory potential. Of course, this condition can be associated with IR development (Calder) . For instance, the eicosanoid prostaglandin E 2 is overproduced in pancreatic islets and contributes to the blunting of glucose-stimulated insulin secretion via a mechanism associated with reduced GLP-1 signaling (Kimple et al., 2013) . n-3 PUFAs. ALA is mainly found in flaxseed oil and canola oil. In the liver, ALA is converted, through a series of elongations, into an LC-PUFA, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). These two FAs are especially found in fish oil (Aguila & Mandarim-deLacerda) .
Evidence suggests that EPA and DHA appear to be the n-3 PUFAs with the most beneficial effects and that the body has a limited capacity to convert ALA into these LC-PUFAs because ∆6-desaturase, the converting enzyme, is rate limiting (Gregory et al., 2011) . A study in diabetic rats found that both flaxseed and fish oils have comparable beneficial effects (Devarshi et al., 2013) and that mice fed a high-canola-oil diet did not present an elevation of inflammatory mediators or IR (Catta-Preta et al.) . A study using mice deficient in ∆6-desaturase found that ALA has independent effects, although these effects are not of the same magnitude as the effects of fish oil, EPA or DHA (Monteiro et al., 2013) . Therefore, we are now going to review studies on fish oil, EPA and DHA. A summary of the mechanisms can be found in Figure 3 .
The intake of fish oil is able to alter the FA composition of cellular membranes. Higher intake of these n-3 PUFAs leads to increased cell membrane EPA and DHA levels and decreased levels of arachidonic acid (an n-6 PUFA), altering the n-6/n-3 PUFA ratio. This change in the membrane lipid profile leads to altered fluidity that causes altered cellular signaling and also modifies the production of eicosanoids and other lipid mediators (reviewed elsewhere (Gonzalez-Periz et al., 2009) ), which all contribute to the beneficial effects on IR (Calder) .
In the liver, n-3 PUFAs appear to improve and/or prevent hepatic IR via suppressing lipogenesis and stimulating lipid catabolism, decreasing fat accumulation (Jelenik et al., 2010) . In mice fed a fish oil diet, PPARα (a transcription factor involved in mitochondrial betaoxidation) is activated along with beta-oxidation enzymes, leading to preserved insulin sensitivity. Furthermore, this augmentation of beta-oxidation is accompanied by a reduction in intracellular DAG levels (Neschen et al., 2007) . Beyond reduced PPARα levels, n-3 PUFA-deficient mice present elevated expression and activity of SREBP-1c, the transcription factor responsible for hepatic lipogenesis, which leads to hepatic IR (Pachikian et al., 2011) . In contrast, mice fed a fish oil diet show a reduction in levels of SREBP1c and its transcript, FA synthase (FAS) (Wakutsu et al., 2010) .
In white adipose tissue, the effects of n-3 PUFAs on IR are dependent on the inflammatory process and especially the restoration of adiponectin production and secretion (Kalupahana et al., 2010) . Mice fed a diet containing n-3 PUFAs exhibited elevated expression and production of adiponectin, which alleviated IR (Gonzalez-Periz et al.) . Mice treated with EPA showed amelioration of IR due to diminished secretion of pro-inflammatory adipokines (e.g., MCP-1 and PAI-1) and elevated release of adiponectin (Kalupahana et al.) . Moreover, the transcription factor NFκB mediates inflammation in obesity, which can be suppressed by n-3 PUFAs, leading to improvement of IR (Siriwardhana et al., 2012) . The effects of n-3 PUFAs in WAT are also mediated by PPARγ, whose activation enhances adiponectin production and promotes the apoptosis of large adipocytes, increasing the number of small adipocytes, which are more insulin sensitive (Magliano et al., 2013) . Fig. 3 . Mechanisms of actions of EPA and DHA. EPA and DHA act through two main mechanisms. In the first one, they are converted by COX and LOX into inflammatory mediators, namely eicosanoids that have a less potent inflammatory activity and resolvins and protectins that are anti-inflammatory. In the second mechanism, they are transported through protein membranes, enter the cell and directly influence transcription factors.
AA= arachidonic acid; COX= cicloxygenase; DHA= docosahexaenoic acid; EPA= eicosapentaenoic acid; LOX= lipoxygenase; PPAR= peroxisome proliferator-activated receptor; SREBP-1c= sterol regulatory element-binding protein-1c.
Regarding skeletal muscle, rats fed a high-sucrose diet, in which a portion of lipids were substituted with fish oil, demonstrated diminished accumulation of DAG, together with reduced protein expression of PKCθ. These events were followed by the regularization of IRS-1 and GLUT-4 levels and, consequently, improvement of IR (D'Alessandro et al., 2013) .
Final Remarks. Over the last century, obesity has become a major public health problem, and IR/DM2, an associated disease, has reached epidemic proportions. Experimental approaches are essential to mimic these metabolic disturbances to try to unravel the pathways involved and certain strategies to tackle or at least partly alleviate the resulting damage.
Dietary manipulations are the cornerstone of inducing DM2 in animals, as many of the cases of this disease are a direct result of inadequate nutrient intake coupled with sedentarism. An HF diet and even excessive intake of simple carbohydrates have emerged as the most recommended approaches. Additionally, the fetal origins of DM2 have drawn attention, representing a great economic burden because this phenotype can persist for generations.
Concerning therapy with edible oils, MUFAs (i.e., olive oil) and n-3 PUFAs (i.e., flaxseed, canola and fish oil) appear to be the most effective oils for preventing and/or treating IR. It is noteworthy that the prevention and treatment of IR can be achieved with a balanced diet (including all of these types of FFAs) and healthy habits (e.g., physical exercise) and that supplementation with these nutrients and oils should only be undertaken in special cases, with appropriate supervision. Moreover, the studies presented here were performed using mouse models, so the results may not be applicable to or observed in humans. 
RESUMEN:
La diabetes mellitus tipo 2 (DM2) es la enfermedad metabólica crónica más común, afectando aproximadamente al 6% de la población adulta en el mundo occidental. Esta condición es una causa importante de las enfermedades cardiovasculares, la ceguera, la insuficiencia renal, y las amputaciones, con un aumento de su prevalencia en todo el mundo. El riesgo de obesidad en la diabetes tipo 2 está determinado por el grado de obesidad y localización de la grasa corporal, siendo la resistencia a la insulina (RI) la principal relación entre estas enfermedades metabólicas. Los estudios experimentales han demostrado que los factores dietéticos, y en particular los lípidos, se asocian de manera importante con la masa corporal (MC), la IR y la diabetes tipo 2. Asimismo, el consumo excesivo de alimentos ricos en carbohidratos de alto contenido energético pueden provocar la diabetes tipo 2. Además, se ha sugerido que una dieta materna inadecuada al momento de concebir o durante el período de gestación daría lugar al desarrollo de la excesiva MC y de trastornos metabólicos en los hijos, tales como la homeostasis anormal de la glucosa, reducción de la sensibilidad a la insulina en todo el cuerpo, el deterioro en la función de células beta, resistencia a la insulina y cambios en la estructura del páncreas. La alteración metabólica está asociada de forma importante con los efectos dañinos sobre el desarrollo y función de las células beta. Sin embargo, las alteraciones en la cantidad y la calidad de la grasa dietética pueden modificar el metabolismo de la glucosa como también la sensibilidad a la insulina. De esta manera, la investigación experimental ha enfocado la atención en algunos aceites debido a sus efectos beneficiosos. El aceite de oliva, es una fuente de monoinsaturados y actualmente se sabe que este aceite también mejora la sensibilidad a la insulina y el control glucémico El aceite de canola, el aceite de linaza y especialmente el aceite de pescado (rico en omega-3 los ácidos grasos poliinsaturados (PUFAs)) fueron descritos por primera vez como nutrientes de la dieta eficaces contra la hipertrigliceridemia, sin embargo, es sabido que además tienen efectos positivos sobre el metabolismo de la glucosa.
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